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WIND-TUNNEL INVESTIGATIONS ON A CHANGED MUSTANG 
PROFILE WITH NOSE FLAP 

FORCE AND PRESSURE -DISTRIBUTION MEASUREMENTS* 
By W. Kruger 


Abstract: Measurements are described which were taken in the large 
wind tunnel of the AVA on a rectangular wing 'Mustang 2" 
with nose flap of a chord of 10 percent. Besides force 
measurements the results of pressure -distribution measure- 
ments are given and compared with those on the same pro- 
file "without " nose flap. 

Outline : I . Introduction 

II. Model specifications and test arrangement 

III. Definitions and evaluation 

IV. Test results 
Y. Summary 
VI. References 


I. INTRODUCTION 


It is known from earlier investigations on wings with nose 
flap (l to 3) that the maximum lift can be considerably increased 
by use of a nose flap as far as profiles are concerned where the 
point of turbulent separation is located closely behind the profile 
nose . It has already been pointed out (2) that the c^ increasing 

effect of the nose flap is the larger the more pointed the profile 

* "W indkanaluntersuchungen an einem abgeanderten Mustang- 
Prof il mlt Nasenklappe . Kraft - und DruclcverteilungBmessungen. " 
Zentrale fur wissenschaf tliches Berichtswesen der Luftfahrtforschung 
des Generalluftzeugmeisters (ZWB) Berlin -Adlershof, Untersuchungen 
und Mitteilungen Nr. 3153 , Gottingen, September 22, 1944. 
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used, that is, the smaller the nose radius index 


p/I 


For 


instance a measurement on a profile with standard MCA nose radius 
showed no improvement in c a lnax "by the nose flap ( 4 ) whereas c a max 

of a trapezoid wing with a profile similar to a Mustang profile 
could he increased by the amount of 0.1 by means of a nose of 
5 -percent chord ratio ( 5 ). For a laminar profile ( 2 ) with the nose 
p/l 

radius index - 0.21 the largest increase in c a measured 


was about 0.7* 


(d fiy 


" a max 


For the application of the nose flap for prevention of stall 
in trapezoid wings a c. ^ -increase of 0.2 to 0.3 would, circum- 
stances permitting, be sufficient because here the point is only 
to increase slightly the local c e <mBT and a ( c a jiBjX ) in the 

endangered part of the wing . 

The firm Blohm and Voss Flugzeugbau suggested an investigation 
on a Mustang profile to determine whether it is possible to obtain 
such improvements necessary for the prevention of stall by means 
of a nose flap. The present report contains the results of this 
test. The measurement could be extended so that also pressure - 
distribution measurements over nose flap chord and profile chord 
were carried out. These measurements give information about the ■ 
changes caused by the flap in the form of the pressure distribution 
and about the loads for the flap which ere to be expected. 


II. MODEL SPECIFICATIONS AND TEST ARRANGEMENT 


The measurements were carried out in the large wind tunnel of 
the AVA (IC VI), nozzle 5 x 4.5 meters (elliptic cross section 

F 0 . 17.6 m 2 ) . For the test a wing was at disposal which had been 

investigated before with and without rear split flap (6). It had 
then been designated ‘Mustang 2". 
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The following specifications concern its form and magnitude: 
Span 


Maximum span 
Chord 

Wing contour 

Wing area of reference 

Aspect ratio 


V ss 3.0 m (measured without wing 
tips) 

b s* 3.083 m (with wing tips) 
l = 0.6 m 
Beet angular 

F - 1.846 m? (measured with wing 
tips) 


A = 


F 


5.14 


The prof ile Mustang 2 is distinguished from the "Mustang" 
original profile mainly by a differently formed mean camber line 
which reduces the diving moment. The basic trains of thoughts with 
respect to the design of this profile were thoroughly discussed in 
the report already mentioned on the first measurements (6). 

The form of the profile can be seen in figure 1. The essential 
profile data are given here once more and are compared mth Mustang 
original: 



Mustang 2 

Mustang original 

Thickness ratio (d /l) 

0.136 

0.136 

Camber ratio (f/l) 

.020 

.016 

Percent thickness 

.390 

.390 

Percent camber 

.25 

.50 

/ p/i \ 

Nose radius index / — — — 1 

.625 

• 577 

Trailing edge angle (T) 

0 

VO 

[A 

5° 
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The -wing tips were designed in the form which had proved 
favorable according to investigations of the AVA (7). (From the 
profile nose to the maximum thickness circular arc, from there to 
the trailing-edge elliptic arc with maximum profile thickness as 
major axis of the ellipse.) 

The pressure -distribution test section was as usual at a 

-p— 

distance of 0.2 m = 0.133 — from the symmetry plane of the wing 

2 

in order to avoid disturbing influences of the moment arm. 

The split flap used had a chord of 0.21 and vas deflected 
by 60° with" reFpec’t' to the profile tangent at x/l = 0.8. No 
measurement wa3 made of the pressure distribution on the split 
flap since this distribution is practically independent of the 
profile form and could, therefore, reliably be supplemented by 
means of existing measurements taken on other profiles. 

Nose f laps of a chord ratio l-^j 1 = 0.05 and 0.10 were 
investigated. The nose flap angle % and the curvature 5 at 

the leading edge of the nose flap could be changed arbitrarily in 
order to find the optimum condition. 

The investigations were limited to measurement of lift, drag, 
and longitudinal moment for various wing conditions and to measure- 
ment of the pressure distribution. 


III. DEFINITIONS AND EVALUATION 


The designations can be seen in figure 1. The sign and the 
definitions of the force and moment coefficients correspond to the 
form DIN L 100. All coefficients are referred to the area (including 
the wing tips) or to the chord of the smooth profile. The axis of 
reference for the longitudinal moment is the cross axis lying at l/bl. 
To the test results, corrections were applied to obtain results for 
the infinite extent of the fluid and infinite aspect ratio in the 
customary manner. The evaluation of the pressure-distribution 
measurement gave the connection between normal force and angle of 
attack for the case of piano flow ("plane" in good approximation!). 
The effective angle of attack at the location of the pressure test 
section vas calculated from the difference between the geometrical 
and the induced angle of attack <x^ at this point (compare (6)). 

The pressure-distribution measurement simultaneously yields the 
normal-foroe coefficient of the nose flap. This coefficient is 
referred to the chord of the nose flap Zjj. 
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IV'. TEST RESULTS 


The Reynolds number for the force measurements was Re= 2.l4xlO b , 

for the pressure-distribution measurements Re = 1.3 x 10 u . The 
results are represented in the figures 2 to 10. Following several 
comments are given: 


1. Obtained Effect of the Nose. Flap 

Figure 2 shows that, for the most favorable nose -flap angle, 

Ca max ^ le Biao °^^ Profile can be increased by 0.3 and 

^for by 5° by means of a noso flop of !G -percent chord ratio. 

Tho effect is smaller for the wing with split flap. Here the c„ 

a max 

increase amounts for tho most favcrahlo case to 0 . 15 • By means of 
a flap of 5“ per cent chord ratio the c a aax °f the smooth profile 

can be increased no longer; the maximum lift even decreases slightly. 

According to theso results tho assumption may seem permissible that 

it Is possible by means of a flap of about 7-percont chord ratio 

Just to reach the of the smooth profile, yet to retain the 

a max 

advantage of the flatness of the c„ -curve of the flap of 5-percent 

a max 

chord ratio. Figure 3 represents the dependence of tho Ac a ^^ 

obtained by the nose flap on the nose-flap angle. The optimum angle 
is smaller for the wing with rear split flap than without split flap. 

In figure 7 the courses of the curves c n (a) resu3.ting from 

force 'and pres sure -distribution measurements are compared. The 
rather bad agreement is probably caused by the fact that the cal- 
culation for determining the induced angle of attach at the loca- 
tion of the section of- pressure measurement was performed in first 
approximation with tho mean dc Q /dcc^, of the smooth profile whereas, 

more accurately/ the dc Q y da^, of the nose -flap profile for the 
angle of attack considered at the time ought to be inserted. 


2. Pressure Distribution for Deflected Hose Flap 

Figures 4 and 5 show tho pressure distribution for various 
angles of attack for the nose -flap wing without and with split 
flap. A comparison of the pressure distribution without and with 
nose flap is made in figure 6. One can recognize the reduction of 
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the negative pressure peak at the profile nose caused by the nose 
flap for maximum lift of the profile. Figure 8 makes these rela- 
tions even more clear. For Instance for the wing 'with split flap, 
•without nose flap, the maximum negative pressure for c n max = 

reaches the value p/q, = -15* 4. For larger c n max • ^5) the 

ma ximum negative pressure is reduced to p/q ~ “7 *9 by the nose 
flap. Thus the pressure increase in the flow immediately behind 
the profile nose is considerably reduced by the nose flap. The 
reason for this slight degree of improvement of the maximum lift 
coefficient obtainable probably is that for this profile the point 
of turbulent separation travels with increasing angle of attack from 
the trailing edge to the front whereas for profiles with very 
pointed nose, if the critical angle of attack is exceeded the 
turbulent separation takes place shortly behind the steep pressure 
increase behind the profile nose. A reduction of the negative 
pressure peak at the nose by a nose flap must, therefore, have a 
much more favorable effect with respect to c a for pointed 

profiles. Since the nose -radius index of the Mustang original 
profile is by about 8 percent smaller than the one of the investi- 
gated changed profile, it is to be expected that the effectiveness 
of the nose flap will be somewhat greater for the original profile. 


3 . Effect of the Curvature of the Leading Edge of the Nose Flap 

Systematic investigations on a laminar wing with nose flap (2) 
had brought the result that the lift -increasing effect of the flap 
can be improved within certain limits by increased curvature (S) of 
the leading edge of the flap. On the other hand, no improvement 
could be obtained, in the present test, by increase of the rounding 
off from 6/ljj = 0.16? to 6 = 0-334. The relating test results 

are not indicated in the curves. 


4. Effect of Disturbances at the Flap-Wing Transition 

In tho measurements a small groove wa s located at the transition 
from tho nose flap to the wing the depth and width of which was 
about 0.5 percent of the wing chord. A comparative measurement for 
which the transition was smoothed out with clay did not yield any 
noticeable improvement of the maximum lift. The influence of dis- 
continuities of this ordox- of magnitude is, therefore, negligible 
for this profilo. 

However, if, duo to leaking at the transition, air can flow 
through the slot from the flap pressure side to tho suction side, 
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the ACg^^ of* the nose flap will he reduced to about 70 to 

50 percent for the present case . In the measurement represented 
in the figures, clay was made to cover the groove between nose flap 
and wing so that no air could flow through* 


5* Load of the Nose Flap 

The pressure distribution along the nose -flap chord for the 
most favorable flap angle is plotted in figures 9 and 10 for the 
nose -flap wing with and without split flap. For the larger angles 
of attack of the wing the entire pressure side of the nose flap is 
loaded with about the full stagnation pressure. The normal-force 

% 

coefficient of the flap c n _ = reaches a maximum, value of 

7C Qbljj 

about 3 >7 • 


V. SUMMARY 


The effect of a nose flap was investigated by force and 
pressure -distribution measurements on a profile very- similar to 
the Mustang profile. The purpose of the' test was to determine, 

whether an increase of the c fl and <xc, on this profile 

a max a max 

can be obtained by means of nose flaps which would be sufficient 
to improve the stalling behaviour of trapezoid wings. 


RESULTS 


1. The c a ma;x the smooth profile was 1.13 (Re = 2.lhxl0^ 

By a nose flap of 10-percent chord ratio it was increased to 1.V3* 

= 0>3y for c ama2 . vas thereby increased by 5°. The 

flap appears suitable for use for prevention of stall. 

2. The c amax of the split-flap wing = 0.2. rj K = 60°) 

was increased by the same nose flap by only Ac Q = O.15. 

3- The minimum nose-flap chord ratio necessary is 

according to the measurements about 7 percent. For smaller chord 


III! I 
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ratio c_ decreases as compared with the c„ of the smooth 
a max a max 

wing? the higher part of the c a max " curve -» however, is here also 
very flat. 

4. The maximum negative pressure occurring at the profile 
nose for maximum lift is very considerably reduced by the nose flap. 

5> The normal-force coefficient of the flap referred to 
stagnation pressure and nose-flap area reaches the maximum value 


6. The transition from the nose flap to the wing must be air- 
tight. A weak flow through the slot from the pressure side of the 
flap to the suction side would reduce the effect considerably. 


7 • For the "Mustang" original profile a slight improvement 
of the nose -flap effect is to be expected because its nose radius 

p/Z 

index is by about 8 percent smaller than the one of the 

WD 2 

investigated changed Mustang profile. 


Translation by Mary L. Mahler 
National Advisory C ommi ttee 
for Aeronautics 
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Figure 1.- The investigated profile 





Figure 2.- Influence of the nose flap on the aerodynamic coefficients of the profile with and without 
split flap. Valid for the most favourable nose flap angle t)^ . The nose flap camber is selected 

so that it coincides for the retracted condition with the pressure side contour of the smooth h* 

profile. 
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Without split flap 
With split flap 


Figure 3.- Increase of the maximum lift coefficient by the effect of the nose 
flap as a function of the angle of extension rj Valid for: l, T /l = 0.1, 
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Figure 5.- Pressure distribution along the profile chord for the wing with 


split and nose flap, 
110°; 6 /i >T = 0.167. 


/I = 0 . 2 ; 


l jg- / J 0.1, 


T) = 60 ; r) = r) 
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Figure 6.- Variation of the pressure distribution along the profile chord at 

C a ky th e nose flap. The pressure distributions “without nose flap” 
max ^ 

are taken from the report U. M. No. 3092. 


3092) 
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Figure 7.- Normal force co- 
efficient as a function of the 
angle of attack. Wing with 
nose flap =0.1, 

6/1 = 0.167. Comparison 

between force and pressure 
distribution measurement. 


Figure 8.- Negative pressure 
peak at the nose of the pro- 
file as a function of the 
normal force coefficient 
(from pressure distribution 
measurement) . 
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Figure 9.- Pressure distribution along the nose flap chord. Profile without split flap. 
KtA = 0.1; 6 / 1 =0.167; ri = ri , = 130°. 
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